Abstract. Breast cancer demonstrates geographical and ethnic variation in its incidence reflecting the effect of local environmental conditions and lifestyle. The genesis of the disease has further been complexed by the involvement of a number of genes with small effects and above all by population heterogeneity. Accordingly, variations in genes, including breast cancer 1, early onset (BRCA1)/breast cancer 2, early onset (BRCA2), that have been markedly associated with the breast cancer phenotype exhibit a scattered mutational pattern in different populations. The present study was aimed to analyze the sequence variations in BRCA2 gene in a case control manner in ethnically pure Kashmiri population using PCR. Sequencing of BRCA2 exons revealed the presence of five sequence variations, four of which present in exon 11 alone were somatic and one was germline located in the U-terminal region (UTR) of exon 2. Out of these, the two somatic mutations comprised of substitutions, one representing a missense mutation leading to an amino-acid substitution at codon 991 and the other was a silent mutation at codon 1131, whereas the other two mutations located in exon 11 represented a loss of polymorphism. Codons for amino acid position 846 and 868 were demonstrated to be heterozygous polymorphic variants in 66% of the normal breast tissue samples, whereas the heterozygous polymorphic variant codons at the two loci were replaced by a homozygous genotype in associated tumor tissue in 88% of cases. These two mutations were always linked. Germline variation observed in exon 2 was located in the UTR region at contig position 13870572 (rs1799943). Other screened exons of BRCA2 did not demonstrate any sequence variation.
Introduction
Breast cancer is the most common malignancy affecting females worldwide (1) , accounting for 25% of all new cases of cancer. One in eight to one in 12 females are likely to suffer from breast cancer during their lifetime in developed countries and one in 22 is likely to develop the disease in developing countries. Breast cancer incidence rate varies at least ten-fold worldwide (2) , largely due to a range of socio-economic, reproductive, hormonal, nutritional and genetic factors (3) . Breast cancer is the second most common cancer in females following cervical cancer in India and has replaced cervical cancer among females in Indian cities (4, 5, 6) . It is estimated that there are ~85,000 new cases of breast cancer in India annually constituting ~25% of total cancer cases (4) . Although epidemiologic investigations have identified numerous risk factors for breast cancer, including early menopause (7), alcohol and tobacco consumption (8) , radiation exposure (9) , obesity (10), physical activity (11, 12) , urbanization (13) , sedentary lifestyle (12) , dietary fat (14) , changes in reproductive patterns (15, 16) including delayed childbearing and having fewer children, nulliparity (17, 18 ), lack of breast-feeding (16, 18, 19) , multiple abortions (19) and post-menopausal hormone replacement therapy (20) , genetic factors have also been identified as a major contributor to the risk of developing this disease.
Breast cancer 2, early onset (BRCA2) was the second breast cancer susceptibility gene to be discovered and is important in the error-free repair of DNA double strand breaks as well as transcriptional regulation (21) (22) (23) . In normal cells, BRCA2 ensures the stability of the cell's genetic material (DNA) and prevents uncontrolled cell growth. Germline mutations in BRCA2 are predicted to account for ~35% of families with multiple cases of early onset female breast cancer and are also associated with an increased risk of male breast cancer and ovarian cancer (24, 25) . The spectrum of BRCA2 mutations has been characterized in different populations worldwide, with significant variation of the relative contribution of this gene to breast cancer between populations (26, 27 Kashmir constitutes an ethnically pure population as it is distinct from other regions due to intra-community marriages, food habits, location, local environment and culture, thus providing a genetically pure group of people, which reduces the risk of multiple alleles that mixed populations tend to harbor. The present study has therefore been set out to examine the frequency of mutations in BRCA2 in a panel of 100 breast cancer patients from the geographically and ethnically distinct population of Kashmir. Studies that are population based may give a more representative estimate, however only a few relatively small studies of this type have been published from the Kashmir population.
Materials and methods
Patients and samples. After obtaining approval from the Ethics Committee of Sher-I-Kashmir Institute of Medical Sciences (Srinagar, Jammu and Kashmir, India), patients presenting for treatment of breast cancer for the first time at the Sher-I-Kashmir Institute of Medical Sciences were recruited for the study with prior informed consent. Patients underwent fine needle aspiration cytology and histopathological examination to establish the clinical profile. Blood samples and surgically resected breast tissue (which included tumor tissue, normal tissue and lymph node/s wherever involved) were collected from 245 sporadic breast cancer cases. All samples were snap-frozen at -70˚C until analysis. A questionnaire was used to collect the information on clinico-epidemiological characteristics, including age, family history of disease, body mass, menopause status, site of tumor, marital status, provisional diagnosis, lymph node/s involved and the clinical tumor stage of patients.
DNA extraction and PCR amplification. High molecular weight genomic DNA from tissue samples of breast cancer patients and blood samples were isolated by proteinase K digestion and phenol-chloroform extraction. Air-dried DNA pellet was resuspended in Tris-EDTA and the DNA concentration was measured by a spectrophotometric method.
PCR amplification using 11 sets of primer pairs was used to amplify exons 2, 9, 11.1, 11.2, 11.3, 11.4, 11.5, 11.6 (for 6174delT), Statistical analysis. All statistical analyses were performed using the SPSS program. P≤0.05 was considered to indicate a statistically significant difference. The prevalence of BRCA2 mutations obtained in Kashmiri patients was compared with compiled data for breast cancer in the BIC database (www.ngri.nih.gov/intramuraresearch/BIC) and other areas, including India.
Results
Mutational screening of commonly mutated exons (2, 9, 11, 18, 20, 25) of BRCA2 in 242 tumor and associated normal samples of Kashmiri breast cancer patients revealed a total of five variations, out of which four were somatic and one was germline in nature. All somatic variations were located in exon 11 and the germline variation was observed in the UTR region of exon 2.
Genotype analysis revealed the presence of the heterozygous genotype at codon positions 846 (TCC/TCA) and 868 (CCT/ACT) in 62% (150/242) of the normal breast tissue samples, whereas the remaining 38% (92/242) had homozygous genotype (TCC/TCC at codon 846 and CCT/CCT at codon 868). It was observed that the heterozygous variants were replaced by homozygous genotype TCA/TCA at codon position 846 and ACT/ACT at codon position 868, dissimilar from the one present in normal samples in 88% of the associated tumour samples. It was also observed that the duo change was linked and none of the two were individually replaced in any of the samples (Fig. 1) . C>A variation at amino acid position 846 is a silent variation and has already been reported (rs11571654), whereas the missense variation at amino acid position 868 leading to the replacement of proline by threonine appeared to be novel.
Mutations observed in exon 11 at codon position 991 and 1131 are A:T>G:C transitions (Fig. 2) . A somatic mutation at amino acid position 991 (AAC/GAC) leading to the replacement of asparagine with aspartic acid was present in 24% (58/242) of all cancer cases, whereas the A to G (AAA/AAG) transition at amino acid position 1131 was a silent mutation and was demonstrated in 20% (48/242) of all cancer patients. The germline variation G:C>A:T transition observed in the UTR region of exon 2 was observed in 32% (77/242) of all patients. The germline nature of the variation observed in exon 2 was established as the variation observed in the tumor was also identified in the adjacent normal tissue, blood and lymph node of the same patient. The germline nature of the heterozygous polymorphic variants at position 846 and 868 in normal breast tissue was established as the variants were also observed in blood and lymph node of the same patient.
The presence of BRCA2 mutations when compared with various clinico-epidemiological attributes of sporadic breast cancer patients demonstrated an association with age, menopausal stage and advanced clinical stage of the disease, although this was not statistically significant. However, there was no association with early onset and late onset breast cancer cases, positive lymph node status and the breast involved.
Discussion
Second only to lung carcinoma, breast cancer is a leading cause of cancer mortality among females in the western hemisphere. The lifetime risk of developing breast cancer and the overall prognosis following diagnosis of the disease and the likelihood of response to specific therapy is able to be determined by exploiting the distinct characteristics of breast carcinoma. It is quite evident that a myriad of factors, including steroid hormones along with their receptors, peptide growth factors, oncogenes and tumor suppressor genes are crucial in the transformation of breast tissue (28) . The contribution of the BRCA2 gene to the incidence and prevalence of breast cancer is well established worldwide (29, 30, 31, 32) . However, how important BRCA2 is in pre-disposing Indians to breast cancer is not well explored and to the best of our knowledge no such study has been performed in the Kashmiri population. The aim of the present study was to assess the mutational spectrum and frequency of BRCA2 mutations as well as to explore the existence of population specific mutations, if any, in Kashmiri breast cancer patients. Direct nucleotide sequencing revealed somatic mutations at codon positions 846 (rs11571654), 868 (novel), 991 (rs1799944) and 1131 (rs1801406), and one germline variation in the UTR region of exon 2 with rs1799943 in the BRCA2 gene.
Our studies revealed that a polymorphism at codon 868 lead to translation into either proline or threonine in 62% of the normal breast tissue samples, whereas only proline was present in 38% of the samples. The replacement of the heterozygous amino acid pair proline/threonine with threonine/threonine at codon position 868 is a novel change. This change was always linked with the change at codon 846, where also a heterozygous set of codons (TCC/TCA), although coding for the same amino acid serine (silent mutation), was replaced by a homozygous pair of codons (TCA/TCA). These changes were observed in the N-terminal region of exon 11 and lie extremely close to the highly conserved BRCA1 repeat. This amino acid change may be extremely significant as proline, belonging to the non-polar aliphatic group, has been replaced by threonine belonging to a group of polar and uncharged amino acids. The proline reduces the structural flexibility of the protein at that position as the secondary amino (imino) group of proline is held in a rigid conformation, thus this substitution could be important in altering the functional properties of the protein and may contribute significantly in making Kashmiri population more susceptible to breast cancer.. Although the genotypic change at codon position 846 is a silent change, the strong linkage of the changes at the two codon positions could be very important and needs to be further elucidated. It may be possible that the duo change is actually important in the transition from normal to cancerous breast tissue. The amino acid change at codon 991 observed in 24% (58/242) of the patients is a missense change substituting asparagine by aspartic acid. This amino acid lies in the BRCA1 repeat of exon 11, which constitutes one of the 4 repeats of the BRCA2 protein that appear to be highly conserved in mammals (33, 34) . These BRC repeats in the BRCA2 protein aid in directly binding BRCA2 to RAD51, a critical protein for DNA recombination and double-stranded DNA repair (35, 36, 37) . The association of this missense mutation with breast cancer susceptibility has been demonstrated in the Cyprist population (38) . The authors demonstrated a significant association of this change with an increased risk of breast cancer (P= 0.01 and P= 0.0076). A moderately strong association of this BRCA2 polymorphism with malignant melanoma risk has also been demonstrated (P=0.02 following Bonferroni correction) (39) . In silico prediction methods also suggest that this is a non-tolerated amino acid substitution within the limits of confidence in the alignments (40) . The role of this SNP in breast cancer has also been investigated in the multi-ethnic cohort study and no association has been demonstrated (41). The germ¬-line variation observed in the UTR region of exon 2 was present in 32% (77/242) of total patients. This variation observed is only 25 bases ahead of the initiation codon in exon 2, thus there is a high probability that it may be important in RNA processing. However, whether this polymorphic variant represents a simple population variant or is important in Kashmiri breast cancer patients needs to be elucidated by further studies. No mutation of either germ-line or somatic nature was observed in any other exons screened. The comparison of various clinicoepidemiological attributes of sporadic breast cancer patients to these somatic mutations demonstrated an association with early onset and late onset breast cancer cases, menopausal status and advanced clinical stage (III and IV) of the disease. However, there was no significant association of BRCA2 mutations with positive lymph node status and the breast involved.
Although no insertion or deletion was demonstrated in any case, the missense variations observed in our population may not be nullified as the prevailing polygenic model of breast cancer risk suggests that a moderate number of genes, each conferring a small amount of risk alone (relative risk 1.3-1.5), together combines multiplicatively, resulting in modest susceptibility to breast cancer (42) . According to this model, more than 100 genes may contribute to breast cancer susceptibility. Each gene may have either common or rare variants and females carrying more variant alleles may be at a greater risk than those carrying fewer. Thus, there is a high possibility that these somatic missense variants may be contributing to breast cancer susceptibility along with variations in other low penetrating genes in sporadic type of breast cancer in this population cohort. Distinct characteristics of breast carcinoma may be exploited for determining the lifetime risk of development of the disease, the overall prognosis following a diagnosis of breast carcinoma and the likelihood of response to specific therapy (32) . The findings from the present study add to the body of knowledge concerning the prevalence and nature of BRCA2 mutations in the ethnic Kashmiri population and may inform strategies for genetic cancer risk assessment (43) . Additionally, increased understanding of breast carcinoma pathways may enhance our ability to produce targeted approaches for the prevention of this disease. (Srinagar, Jammu and Kashmir, India). The authors gratefully acknowledge Dr Tariq Jan, Department of Statistics, University of Kashmir (Srinagar, Jammu and Kashmir, India) for his assistance with the statistical analysis of the study.
